The inflammatory response to herpes simplex virus infection of the cornea was studied in athymic nude (nu/nu) and heterozygote (nu/+) BALB/c mice. Although athymic mice were highly susceptible to HSV infection and died 13 to 17 days after corneal inoculation, they failed to develop necrotizing keratitis of the cornea. Heterozygote mice survived the initial viral infection, but many of these mice developed necrotizing keratitis and permanent corneal scarring. Light and electron microscopy showed numerous inflammatory cells (polymorphonuclear leukocytes and lymphocytes) in the corneas of heterozygote mice, but not in the athymic mice. These studies suggest that the immune system plays a dual role in herpes simplex virus infection of the cornea: protection against dissemination of the virus and immunopathogenesis of necrotizing keratitis in the cornea.
Evidence from several sources indicates that cell-mediated immunopathogenesis involving Tlymphocytes may be primarily responsible for the tissue necrosis and opacity associated with chronic herpetic stromal keratitis in the cornea (4) (5) (6) 8) . The initial inflammatory response to herpes simplex virus (HSV) infection of the rabbit cornea is characterized by intense stromal edema and epithelial keratitis in the majority of the infected animals (7) . As the initial inflammation subsides, virus can no longer be recovered from the infected corneas (8, 13) . However, many of these animals subsequently develop necrotizing keratitis which results in permanent stromal opacity and scarring. Lymphocytes accumulate in the inflamed corneas and are frequently found in intimate contact with stromal keratocytes, suggesting a T-lymphocyte attack on a target cell (6, 8) .
Immunoelectron microscopic studies of productively infected corneal cells in vitro (4) showed that HSV antigens were distributed over the entire surface of infected cells, often concentrated over focal areas of plasma membrane thickening. Similar studies of tissue sections from a virus-infected rabbit cornea with early necrotizing keratitis demonstrated HSV antigens in association with the cell surface of stromal keratocytes (5) . These surface antigens would allow the stromal keratocytes to be recognized as foreign by the host immune system, just as HLA antigens of an incompatible tissue graft are recognized as foreign (11). Thus, the chronic stages of herpetic stromal keratitis could be analogous to a host-versus-graft type of immune reaction (4, 6, 8) .
The congenitally athymic nude mouse is deficient in T-lymphocytes and thymus-dependent immunological functions and readily accepts xenografts from a variety of sources (12) . There with discernible iris; 4+, total opacity with iris not visible. The mean score was determined for each group of mice at each examination.
Histology and electron microscopy. Whole eyes were fixed overnight in 2.5% glutaraldehyde in 0.1 M phosphate buffer, pH 7.4. The corneas were removed, postfixed in 1% osmium, dehydrated in acetone and embedded in Epon. Thick sections (1 tim) were stained with toluidine blue and examined by light microscopy. Thin sections were stained with uranyl acetate and lead citrate and then examined in a Zeiss EM-9 electron microscope.
RESULTS
Biomicroscopic observations. Inoculation of mouse corneas with a heavy inoculum (106 PFU/ml) of HSV overwhelmed the immune system, and most of the animals (both athymic and normal) died within 5 to 10 days. In these experiments there was no difference in corneal opacity between athymic and normal mice ( Fig.  1) .
With lower doses of HSV (5 x 105 PFU/ml), some of the normal mice recovered from the viral infection, but the athymic mice still survived for only 13 to 17 days. During this period the corneas were observed for pathological changes. In the first experiment (Fig. 2) , the corneas of the virus-infected mice showed epithelial keratitis and stromal edema within 3 days after inoculation. In normal mice corneal opacity continued to increase, changing in appearance from the hazy opalescence of stromal edema to a white, scar-like opacity indicative of necrotizing stromal keratitis (Fig. 3) . Many of the virusinfected mice, both athymic and normal, died after week 1. However, the corneas of the surviving athymic mice slowly cleared as stromal edema resolved (Fig. 2) . The results of a second experiment (Fig. 4) were similar except that the early inflammatory response of both groups of mice was nearly identical during week 1. Thereafter, the corneas of the athymic mice slowly cleared while the normal mice developed opaque corneas as a result of necrotizing keratitis. Figure 5 shows the eye of an athymic mouse with stromal edema on day 8 postinfection, and Fig. 5b shows the same eye on day 13 shortly before death. Although the surrounding tissues were heavily infected, the cornea remained clear.
In (2, 3, 10) . The thymus-dependent functions of the immune system protect normal mice against dissemination of the virus from a localized site of infection (10) . Thus, the finding that congenitally athymic nude (nu/nu) mice are highly PFU/ml) the initial inflammatory response was much reduced in normal mice and barely apparent in the athymic mice (Fig. 6) . However, the athymic mice still succumbed to the corneal inoculations, while many of the normal mice developed opaque corneas. Figure 7a shows the clear cornea of an athymic mouse, and Fig. 7b shows the opaque cornea of a normal mouse on day 17 postinfection with the lower dose of virus. The athymic mouse soon died. The normal mouse continued to live, but retained a permanently opaque cornea.
The corneas of normal and athymic control animals were scratched with a needle, but not inoculated with HSV. These eyes healed completely within 24 h, and remained clear throughout the period of observation. None of these animals died.
Histology and electron microscopy. Light and electron microscopic observations of the opaque corneas of normal mice with necrotizing keratitis showed that numerous inflammatory cells were present (Fig. 8 ). Both polymorphonuclear leukocytes (PMN) and mononuclear cells were seen. The mononuclear cells, presumably lymphocytes, were often found in intimate contact with stromal keratocytes (Fig. 9) , as described previously, in rabbit and human corneas (6, 8) .
Relatively few inflammatory cells (PMN) were found in the corneas of virus-infected athymic mice obtained at the time of death. However, numerous virus-like particles morphologically resembling HSV were seen in corneal nerves (Fig. 10) susceptible to HSV infection is consistent with these observations. According to our concept of the immunopathogenesis of herpetic stromal keratitis, the host immune system recognizes HSV-infected corneal cells as foreign because of the presence of virus antigens associated with the surface membrane (4, 5). Sensitized T-lymphocytes then migrate into the inflamed cornea in a manner similar to the host response to an incompatible tissue graft (6, 8) . The observations described in this report are consistent with this interpretation. Thus, normal mice may survive a viral infection of the cornea, but many develop opaque corneas. Athymic mice, however, cannot survive the viral infection, but the corneas of these animals are always clear at the time of death. In HSV infection of the cornea, the host immune system plays a dual role: (i) protection against dissemination of the infection to other parts of the body, and (ii) immunological response to infected corneal cells resulting in permanent stromal opacity. It would be of interest to know whether these two effects result from the same immunological mechanism.
The thymus-dependent functions of the mammalian immune system are not fully understood. The finding that T-cell-depleted animals produce antibodies against some antigens but not to others suggests that collaboration between Tand B-lymphocytes is a requirement for antibody synthesis in some instances (1, 9) . Therefore, we cannot rule out the participation of antibodies in the induction of necrotizing kera- titis, as opposed to cell-mediated cytolysis by Tlymphocytes alone. The absence of inflammatory cells in the corneas of HSV-infected athymic mice is consistent with the role of sensitized lymphocytes in producing chemotactic lymphokines for PMN (14) . These cells (PMN) may also be required for the induction of necrotizing keratitis.
Additional studies of the cell-mediated immune responses to HSV infection of the cornea in normal and athymic nude mice should prove to be extremely useful for understanding the mechanism of immunopathogenesis in herpetic keratitis. 
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